Over a 16-year period, 105 patients with pituitary adenoma accompanied by visual disturbance under went transcranial intracapsular removal of the tumor followed by radiotherapy. Postoperative recov ery of visual function in these patients was compared with the results obtained in other institutions after trans-sphenoidal surgery. The severity of preoperative visual impairment was correlated with the duration of visual impairment, the degree of optic atrophy, the extent of suprasellar tumor infil tration, and age. Trans-sphenoidal surgery appears more effective in patients with mild preoperative visual disturbance, whereas the transcranial approach yields better results in patients with moderate to severe preoperative visual deficits.
Introduction
In 1907, Schloff'er23) achieved the first successful removal of a pituitary adenoma via the extracranial trans-sphenoidal approach. Cushing later obtained favorable results using an oronasal-midline rhino septal trans-sphenoidal approach. 16) However, in view of the difficulty of removing parasellar tumors other than pituitary adenoma, as well as the high incidence of postoperative recurrence, after 1929 Cushing used the intracranial transfrontal ap proach, ") as described by Frazier7 in 1913, for cases of pituitary adenoma. Over the next 30 years, the intracranial subfrontal approach was widely regard ed as the technique of choice to remove pituitary adenomas, despite the success of trans-sphenoidal surgery as applied by Dott,25) Guiot, and Hardy.") In the 1960s, Guiot8) and Hardy10-'3,'9) added intraopera tive fluoroscopy, surgical microscopy, and other techniques to their trans-sphenoidal approach, which had somewhat waned in popularity, and showed it to be a relatively safe and quick operative method yielding favorable results not only for ade nomas in the sella and those extending into the sphenoid sinus, but also for large pituitary adeno Optic function was retrospectively assessed with two methods. The first we refer to as the Deutschen Ophthalmologischen Gesellschaft (DOG) system (Fahlbusch, personal communication) . With this system, the degree of improvement in binocular visual acuity is first expressed as a percentage of the normal value, taking into consideration monocular visual disturbance on each side. The degree of visual field constriction on both sides is then combined and expressed as one value (the percentage of the normal value). The degree of visual impairment is thus ex pressed as the sum of the degree of impairment of the visual acuity and of the visual field. For example, a patient with normal visual acuity and fields has 0% impairment, whereas a patient with 0.5 visual acuity in both eyes (20%) and bitemporal hemianopsia (20%) has 40% impairment. A bilaterally blind pa tient has 100% impairment. The second method is the visual field scoring system (VFSS) developed by Findlay et al.,') in which visual function is rated on the basis of visual field disturbance alone (Fig. 1) .
Vision was preoperatively assessed with these two methods in 130 of the 138 patients with impaired visual acuity and fields. Sufficient data were avail able for these 130 patients and there were no com plicating factors, such as cataracts. Impairment was classified into 10 levels at 10% increments in order to determine the correlation between the degree of visual impairment and each of the following clinical factors: 1) duration (according to patient) of preope rative visual impairment (divided into periods of less than 1 month, 1-3 months, 3-6 months, 6-12 months, 12-24 months, 24-60 months, and more than 60 months); 2) degree of suprasellar extension of the pituitary adenoma; 3) degree of optic nerve atrophy; and 4) age of the patient.
Of the patients subjected to the transcranial surgical approach, 105 had no complications, such as disease of the eyes, and their postoperative visual status was also assessed. The DOG system was ap plied within 1 year of surgery, and the VFSS there after. The postoperative recovery of visual function was calculated as follows:
x 100 The degree of recovery of visual function was also classified into 10 levels of 10% increments and the correlation with each of the above-listed clinical fac tors was determined. We calculated d, the actual change between pre and postoperative visual impair ment, for each of our individual patients and those of Fahlbusch5) and Findlay et al.') Next, again for the same groups of patients, we sought correlation be tween preoperative impairment and average d for each value level. Finally, utilizing the t-test, we statistically compared the similar mean d values for their and our patients.
Postoperative visual function, measured quan titatively by the DOG system, was assigned a qualitative rating in which "improvement" indicates postoperative recovery of at least 10%, "deteriora tion" represents a decrease of more than 10% in visual function, and "normalization" denotes post operative visual acuity of better than 20/20 in both eyes (with correction) and no residual visual field defect.
Results

I. Correlation
between VFSS score and visual acuity The 130 patients with visual disturbance were divided into four groups according to the VFSS rating: 0-25%, 25-50%, 50-75%, and 75-100%. They were then divided into three groups according to actual visual impairment; less than 20/200, 20/ 100 to 20/50, and better than 20/40. Comparison of the two assessments revealed statistically significant cor relation (Kendall's test, p < 0.01) (Fig. 2) .
II. Correlation between preoperative visual impair ment and other clinical factors
The preoperative visual status of the 130 patients, as assessed by the DOG and VFSS methods, was subjected to Kendall's correlation test. The results are shown in Figs. 3 and 4 . The DOG scores were significantly correlated with all four clinical para meters: duration of visual disturbance, degree of suprasellar tumor extension, degree of optic nerve atrophy, and age. The VFSS ratings were significant ly correlated with the extent of suprasellar invasion and the degree of optic nerve atrophy.
III. Correlation
between postoperative visual recovery and clinical factors The postoperative visual recovery rates were significantly correlated with all the aforementioned clinical factors as well as the degree of preoperative visual impairment, with the exception of the VFSS rating and the degree of suprasellar extension of the adenoma (Fig. 5) . 
IV. Postoperative changes in visual function
The difference between pre and postoperative visual function in the 105 patients subjected to the transcranial surgical approach, as assessed with the DOG (Fig. 6 ) and VFSS methods, were compared with the results obtained with the trans-sphenoidal approach and reported by Fahlbusch5) and Findlay et al.6) Regarding recovery of visual function within 1 year after surgery, the results of trans-sphenoidal surgery reported by Fahlbusch5) appeared slightly bet ter than those of transcranial surgery in cases where the preoperative visual disturbance was less than 20%. However, when the preoperative visual impair ment was more than 30%, transcranial surgery was more effective (Fig. 7) .
In comparing VFSS-measured visual recovery more than 1 year after surgery between our patients and those of Findlay et al.') ( Fig. 8) , their results also appeared somewhat more favorable if preope rative visual impairment was less than 20%. Again, however, in cases in which impairment was 40-60%, we seem to have achieved better results. Few pa tients had preoperative visual disturbance greater than 70% in either series. As a group, they presented an incoherent pattern quite unlike the more stable patterns of cases with disturbance of 60% or less, eliminating the possibility of a valid comparison. When these data were subjected to the t-test, no statistically significant difference was found between the transcranial and trans-sphenoidal approaches.
V. Qualitative evaluation of postoperative visual recovery
The postoperative visual function of the 105 pa tients subjected to transcranial surgery was assessed with the DOG method and descriptively classified as "normalization ," "improvement," "no change," and "deterioration."
The relationships between these classifications and the degree of suprasellar tumor extension was examined (Table 1) . Postope rative normalization or improvement was noted in 88 of the 105 cases (83.8%). In type G (marked) suprasellar extension, no patient showed postopera tive normalization of the visual fields, but improve ment was observed in about 70%. Deterioration occurred in nine cases, but inappropriate surgical technique was thought to have been the cause in eight of these. Eight patients were found to have no change in their vision, and ophthalmoscopic examina tion revealed marked optic nerve atrophy, which would explain the lack of improvement despite adequate decompression of the optic nerve. • : pre operative visual loss, 0 : no change in vision. compare our results of transcranial surgery on the basis of ophthalmological data. Postoperative recovery of visual function should be assessed in a consistent fashion in all institutions, and com parative studies carried out. It is to be hoped that neuro-ophthalmologists will develop a new means of evaluating visual function so that certain types of deficits, such as the impairment of macular vision, can be clearly expressed, whether quantitatively or descriptively.
